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Abstract 

Exclusive electroproduction of a K or K* meson on the nucleon can give a + 
pentaquark in the final state. This reaction offers an opportunity to investigate 
the structure of pentaquark baryons at parton level. We discuss the generalized 
parton distributions for the N — > @ + transition and give the leading order ampli- 
tude for electroproduction in the Bjorken regime. Different production channels 
contain complementary information about the distribution of partons in a pen- 
taquark compared with their distribution in the nucleon. Measurement of these 
processes may thus provide deeper insight into the very nature of pentaquarks. 



1 Introduction 

There is increasing experimental evidence P3 |2] for the existence of a narrow baryon 
resonance B + with strangeness S = +1, whose minimal quark content is uudds. Triggered 
by the prediction of its mass and width in [3] , the observation of this hadron promises to 
shed new light on our picture of baryons in QCD, with theoretical approaches as different 
as the soliton picture |3J El, quark models j^J, and lattice calculations 0, to cite only 
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a fraction of the literature. A fundamental question is how the structure of baryons 
manifests itself in terms of the basic degrees of freedom in QCD, at the level of partons. 
This structure at short distances can be probed in hard exclusive scattering processes, 
where it is encoded in generalized parton distributions [7j (see jHUH] for recent reviews). In 
this letter we introduce the transition GPDs from the nucleon to the + and investigate 
electroproduction processes where they could be measured, hopefully already in existing 
experiments at DESY and Jefferson Lab. 

In the next section we give some basics of the processes we propose to study. We 
then define the generalized parton distributions for the iV — > transition and discuss 
their physics content (throughout this paper we write N for the nucleon and for the 
+ ). The scattering amplitudes and cross sections for different production channels are 
given in Section |3J In Section 03 we evaluate the contribution from kaon exchange in the 
t-channel to the processes under study. Concluding remarks are given in Section El 

2 Processes 

We consider the electroproduction processes 

ep^eK°Q, ep^eK*°Q, (1) 

where the G subsequently decays into K°p or K + n. Note that the decay K*° — > K~tt + 
of the K*(892) tags the strangeness of the produced baryon. In contrast, the observation 
of a K° as K$ or Kl includes a background from final states with a K° and an excited 
S + state in the mass region of the 0, unless the strangeness of the baryon is tagged by 
the kaon in the decay mode — > K + n. Apart from their different experimental aspects 
the channels with K or K* production are quite distinct in their dynamics, as we will see 
in Section 0] We will also investigate the channels 

en -> eK~ 0, en -> eK*~ (2) 

accessible in scattering on nuclear targets. The reconstruction of the final state and of its 
kinematics is more involved in this case because of the spectator nucleons in the target, but 
we will see in Section 0] that comparison of the processes (JIJ and (0) may give valuable 
clues on the dynamics. We remark that the crossed process K + n — > e + e~ could be 
analyzed along the lines of [TU] at an intense kaon beam facility. 

The kinematics of the 7*p or 7*n subprocess is specified by the invariants 

Q 2 = -q 2 , W 2 = (p + q) 2 , t=(p-p'f, (3) 

with four-momenta as given in Fig. ^ We are interested in the Bjorken limit of large Q 2 
at fixed t and fixed scaling variable xb = Q 2 /{2pc[)- 

According to the factorization theorem for meson production [TI], the Bjorken limit 
implies factorization of the 7*p amplitude into a perturbatively calculable subprocess 
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Figure 1: One of the graphs for the 7*p — > K° B amplitude in the Bjorken limit. The 
large blob denotes the GPD for the p — > 6 transition and the small one the DA of the 
kaon. 

at quark level, the distribution amplitude (DA) of the produced meson, and a general- 
ized parton distribution (GPD) describing the transition from p to B (see Fig. HJ. The 
dominant polarization of the photon and (if applicable) the produced meson is then lon- 
gitudinal, and the corresponding 7*p cross section scales like da^/idt) ~ Q~ 6 at fixed xb 
and t, up to logarithmic corrections in Q 2 due to perturbative evolution. 

We remark that pentaquarks with strangeness S = —2, like the 5 recently reported 
in ^2], cannot be produced from the nucleon by this leading-twist mechanism. We also 
note that if the 6 had isospin / = 2 as proposed in ^3] (but not favored by the exper- 
imental analyses in leading- twist electroproduction would be isospin violating and 
hence tiny. 

The Bjorken limit implies a large invariant mass W of the hadronic final state, so 
that the produced baryon and meson are well separated in phase space. This provides a 
clean environment to study the B resonance, with a low background obtained of course 
at the price of a lower cross section than for inclusive production. Large enough W in 
particular drives one away from kinematic reflections which could fake a B resonance 
signal, discussed in ^3] for the process at hand. To illustrate this we show in Fig. El the 
smallest kinematically possible invariant masses of the K°K° and of the K°p system in 
ep — > K°K°p with the K°p invariant mass fixed at m®. Here and in the following we 
take m® = 1540 MeV in numerical evaluations (our results do not change significantly 
if we take m® = 1525 MeV or m® = 1555 MeV instead). We also remark that strong 
interactions (in particular resonance) effects between the K° and the K°p system will 
have a faster power falloff than Q~ 6 in the j*p cross section at fixed xb, provided Q 2 is 
large enough for the analysis of the factorization theorem to apply. 

3 The transition GPDs and their physics 

Let us take a closer look at the transition GPDs that occur in the processes we are 
interested in. For their definition we introduce light-cone coordinates v ± = (v ± v 3 ) / y/2 
and transverse components vt = (v 1 ^ 2 ) for any four- vector v. The skewness variable 
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Figure 2: Minimum invariant mass M of K°K° (lower curve) and of K°p (upper curve) 
in the process ep — > eK°K°p at fixed invariant mass 1540 MeV of the K°p system. 



£ = (p — p') + 1 (p + p') + describes the loss of plus-momentum of the incident nucleon and 
is connected with xb by 



x B 



(4) 



2-x B 
in the Bjorken limit. 

In the following we assume that the has spin J = \ and isospin 1 = 0. Different 
theoretical approaches predict either t]q = 1 or i]q = — 1 for the intrinsic parity of the 
G, and we will give our discussion for the two cases in parallel. The hadronic matrix 
elements that occur in the electroproduction processes (JTJ at leading-twist accuracy are 

- .-(el f j(_i 2 ) 7 ~,(i., )b ) 



2tt 

dz~ 

~2T 



:+=0,z T =0 ' 



JxP^ 



(e|J(-iz) 7 + 75s(H \ P ) 



'.+=0,z T =0 



(5) 



with P = Mp + p'), where here and in the following we do not explicitly label the hadron 
spin degrees of freedom. We define the corresponding p —>■ transition GPDs by 
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2P^ 
1 



2P- 

for rje = 1 and by 

1 



H(x, e, t) uip'h+uip) + E(x, C, t) u{p>) m+a(p ' P)a u(p) 

m @ + m N 
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2P^ 
1 

2P^ 



H(x, £, t) u(p )7 + 7 5 «(p) + E(x, f , t) u(p' 



, N 7s jp' -p) + 
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u(p) 



h(x, e, t) «(pv«(p) + e, *) u(p') ia+a{jp ' p)a U (p) 



(7) 




< x < Z, 

Figure 3: Wave function representation of the p — > GPDs in the different regions of x. 
The blobs denote light-cone wave functions, and all possible configurations of spectator 
partons have to be summed over. The overall transverse position of the is shifted 
relative to the proton as explained in [T7j . 



for t/q = —1. Notice that the tilde in our notation indicates the dependence on the 
spin of the hadrons, not on the spin of the quarks. The scale dependence of the matrix 
elements is governed by the nonsinglet evolution equations for GPDs [7J EI], with the 
unpolarized evolution kernels for Fy and the polarized ones for Fa- Isospin invariance 
gives (Q\d a sp\p) = — (Q\u a sp\n), so that the transition GPDs for n — > and those for 
p — ► are equal up to a global sign. For simplicity we write F v , Fa and H, E, H, E 
without labels for the transition p — > 0. 

The value of x determines the partonic interpretation of the GPDs. For £ < x < 1 
the proton emits an s quark and the absorbs a d quark, whereas for — 1 < x < — £ the 
proton emits a d and the absorbs an s. The region — £ < x < £ describes emission of 
an sd pair by the proton. In all three cases sea quark degrees of freedom in the proton 
are involved. The interpretation of GPDs becomes yet more explicit when the GPDs are 
expressed as the overlap of light-cone wave functions for the proton and the 0. As shown 
in Fig. El the proton must be in at least a five-quark configuration for £ < \x\ < 1 and at 
least a seven-quark configuration for — £ < x < £. We emphasize however that all possible 
spectator configurations have to be summed over in the wave function overlap, including 
Fock states with additional partons in the nucleon and in the pentaquark. 

As shown in GPDs contain information about the spatial structure of hadrons. 
A Fourier transform converts their dependence on t into the distribution of quarks or 
antiquarks in the plane transverse to their direction of motion in the infinite momentum 
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frame. This tells us about the transverse size of the hadrons in question. The wave 
function overlap can also be formulated in this impact parameter representation, with 
wave functions specifying transverse position and plus-momentum fraction of each parton. 
This has in fact been done in Fig. El and we refer to J7j for a full discussion. We see in 
particular that for £ < \x\ < 1 the transverse positions of all partons must match in the 
proton and the 0, including the quark or antiquark taking part in the hard scattering. For 
— £ < x < £ the transverse positions of the spectator partons in the proton must match 
those in the 0, whereas the s and d are extracted from the proton at the same transverse 
position (within an accuracy of order 1/Q set by the factorization scale of the hard 
scattering process). Note that small-size quark- antiquark pairs with net strangeness are 
not necessarily rare in the proton, as is shown by the rather large kaon pole contribution 
in the p — > A transition (see the discussion after (J27j) below). In summary, the p — > 
transition GPDs probe the partonic structure of the 0, requiring the plus- momenta and 
transverse positions of its partons to match with appropriate configurations in the nucleon. 
The helicity and color structure of the parton configurations must match as well. 

We recall that for elastic transitions like p —> p the analogs of the matrix elements 
reduce to the usual parton densities in the forward limit of £ = and t = 0. One then has 
H(x) = q(x), H(—x) = —q(x) and H(x) = Aq(x), H(—x) = Aq(x) for x > 0, and the 
positivity of parton densities results in inequalities like \H(x)+H(—x)\ < \H(x) — H(—x)\ 
and |-ff(x)| < \H(x)\. One may expect that this hierarchy persists at least in a limited 
region of nonzero £ and t. For the p — > transition the situation is different. At given 
£ and t the combinations Fy(x) — Fy(—x) and Fa(x) + Fa(—x) still give the sum of 
the configurations in Fig. El with emission of a quark (£ < x < 1) and of an antiquark 
(£ < —x < 1), whereas Fy(x) + Fy{—x) and Fa(x) — Fa(—x) give their difference. In 
the same x regions Fy still gives the sum and Fa the difference of configurations with 
positive and negative helicity of the emitted and the absorbed parton. There are however 
no positivity constraints now, since the p —>■ transition GPDs do not become densities in 
any limit. They rather describe the correlation between wave functions of and nucleon, 
which may be quite different. Knowledge of the relative size of the GPD combinations just 
discussed would in turn translate into characteristic information about the wave functions 
of the relative to those of the proton. 

In the transition GPDs we have defined, the is treated as a stable hadron. The 
amplitude of a full process, say ep — > eK°K°p for definiteness, contains in addition a factor 
for the decay — > K°p and a term for the nonresonant K°p continuum. An alternative 
description is to use matrix elements analogous to (0) directly for the hadronic state 
\K°p) of given invariant mass, including both resonance and continuum. The leading- 
twist expression of the amplitude then contains p — > K°p transition GPDs, which have 
complex phases describing the strong interactions in the K°p system. In the partial wave 
relevant for the resonance, these phases will show a strong variation in the invariant 
K°p mass around itlq. 
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4 Scattering amplitude and cross section 



The scattering amplitude for longitudinal polarization of photon and meson at leading 
order in 1/Q and in a s readily follows from the general expressions for meson production 
given in Pj. One has 



Snois f_K_ 
27 Q 



K 



te 



87ra s f K * 



27 Q 

+ Jk* 



K* 



dx 


£- 


x — ie 




dx 




x — ie 


f 1 


dx 








dx 



-l £ — x — ie 



F A {x,Z,t) + F A (-x,£,t) 
(F v (x,£,t)-F v (-x,t,t) 
F v (x,Z,t) + F v (-x,Z,t) 



independently of the parity of the 6. Our phase conventions for meson states are fixed 
by ' 



(K (q'M0)^ l5 d(0)\0) 
(K*°(q',e')\s(0)rd(0)\0) 



(K-(q'M0)Yl,u(Q)\0) 
(K*-(q',e f )\s(0)ru(0)\0) 



-iq ,fi f K , 

-ie"*m K *f K *i (9) 



where fx = 160 MeV, fx* = (218 ± 4) MeV [T%] . and e' is the polarization vector of the 
K* . This differs from the convention in j5] by the factors of —% on the r.h.s. In (jHJ) we 
have integrals 



J 



dz ■ 



1 



dz 



z(l-z) 
2z - 1 

«(1 - *) 



6 a 2n, 
n=0 
oo 

6 ^ 02n+lj 



(10) 



n=0 



over the twist-two distribution amplitudes of either K° or K*°. Our DAs are normalized 
to ^dz4>{z) = 1, and z denotes the momentum fraction of the s-quark in the kaon. 
Because of isospin invariance K° and K~ have the same DA, as have K*° and K*~ . In 
(|10|) we have used the expansion of DAs on Gegenbauer polynomials, 



6z(l-z)Y,a n C 3 J 2 (2z-l) 



(11) 



71=0 



with a = 1 due to our normalization condition. Note that odd Gegenbauer coefficients 
d2n+i are nonzero due to the breaking of flavor SU(3) symmetry. A recent estimate from 
QCD sum rules by Ball and Boglione 02] obtained of" = -0.18 ±0.09, af " = 0.16 ±0.10 
and af* = —0.4 ± 0.2, af * = 0.09 ± 0.05 at a factorization scale fj, — 1 GeV. Note that 
the sign of ai in both cases is such that the s quark tends to carry less momentum than 
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the light antiquark, see the discussion in [T^]. In contrast, Bolz et al. [20] estimated af" 
to be of order +0.1 for the kaon, using results of a calculation in the Nambu-Jona-Lasinio 
model. 

Note that the combination of GPDs going with Ik corresponds to the difference of 
quark and antiquark configurations in the sense of our discussion at the end of Section El 
In contrast, the combination going with Ik* corresponds to the sum of quark and antiquark 
contributions. Given our ignorance about the relative sign of the transition GPDs at x 
and —x we cannot readily say whether the terms with I or with J tend to dominate in 
the amplitudes (JHJ). 

For a neutron target the scattering amplitudes read 

3vra s f K 



27 Q 



_ . 8na s f K * 
A r ^ K *-e - -™^f-Q 



/ dx / 
TZ_ _ ■ ( F a(x, £, t) + 2F A {-x, £, t) 

(F A (x, t) - 2F A (-x, e, t) 

-l £ — x — le K 

k* l \ d% . (Fy(x,t,t) + 2F v (-x,U) 
J-i E — x — te v 



, . . v , . . ■ - , . . , (12) 

where we have used the isospin relations between the GPDs for p — > and n — > Q 
and between the DAs for neutral and charged kaons. Due to the different factors for a 
photon coupling to d and u quarks, the proton and neutron amplitudes involve different 
combinations of GPDs at x and —x. Information on the relative size of these combinations 
can thus be obtained by comparing data for proton and neutron targets, given our at least 
qualitative knowledge about the relative size of the integrals I and J over meson DAs. 
If for example one had F A (x,£,t) ~ F A (—x,£,t), the amplitude for j*p — > K°Q would 
be dominated by the SU(3) breaking integral Jk and hence be suppressed, whereas no 
such suppression would occur in the amplitude for 7*72 — > K~Q. Comparison of K and 
K* production on a given target can in turn reveal the relative size between the matrix 
elements F A and Fy. 

To leading accuracy in 1/Q 2 and in a s the cross section for ^*p for a longitudinal 
photon on transversely polarized target is 



daL QATT 2 a em a 2 s f 2 KM £ 2 
dt 729 Q 6 l-£ 2 



{Su + St sin /3), (13) 



where we use Hand's convention [21] for the virtual photon flux. (3 is the azimuthal angle 
between the hadronic plane and the transverse target spin as defined in Fig.0] 1 The cross 
section for an unpolarized target is simply obtained by omitting the /3-dependent term. 
To have concise expressions for Sjj and St we define 

H(U) = I K i*)l \ dX ■ (H(x,Z,t)-H{-x,Z,t)) 
J-i 4 — x — it v ' 

: Our convention for j3 differs from the one in 1221 m with (sin/3)h cre = — (sin >9) rg] , [22] - 
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j km C i dx . (h(x, e, t) + H(- x , e, t)) (14) 



£ — x — ie 

and analogous expressions S, 7i, £ for the other GPDs. For tjq = 1 we have 

(m + m^ \ m e + mjy / 



5* j 1 = -Jl - e ^lh—L 2 £ im (£*H) (15) 
v m + m N 

for production and 



5 T = Ji _ ^ _V±o__^_ 2Im (16) 
v m e + mjv 

for iT* production. If ?7e = — 1 then ()15|1 describes X* production and ()16|) describes K 
production. We see that one cannot determine the parity of the from the leading twist 
cross section (fl~3|) without knowledge about the dependence of TC, £, TC, £ on t or £. The 
same holds for scattering on a neutron target, where one has to replace H(—x,C,,t) with 
—2H(—x,l;,t) in ()14j) and likewise change the expressions for the other GPDs, as follows 
from (IKJ) and (THZJ) . 

There is theoretical and phenomenological evidence that higher-order corrections in 
a s and in 1/Q can be substantial in meson electroproduction at moderate values of Q 2 , 
see [HI IHj for a discussion and references. For K* production one can in particular expect 
an important contribution from transverse polarization of the photon and the meson, in 
analogy to what has been measured for exclusive electroproduction of a p . A minimum 
requirement for the applicability of a leading-twist description is that Q 2 should be large 
compared to —t and m 2 K or m 2 K *, which directly enter in the kinematics of the hard 
scattering process and should be negligible there. In kinematic relations, the squared 
baryon masses m 2 N and m e typically occur as corrections to terms of size W 2 , although a 




Figure 4: Definition of the azimuthal angle (3 between the hadronic plane and the trans- 
verse target spin St in the target rest frame. St is perpendicular to the z-axis, which 
points in the direction opposite to the virtual photon momentum. 
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Table V. Combinations of transition GPDs multiplying / and J in the hard scattering 
formula (jSJ) and its analogs for the listed channels. 



TP 
1*P 
1*P 
1*P 



k + tp 

K+k 



Fp^@(x) - F p ^ e (-x) 
F p -+x+(x) - F p ^x+(-x) 
-[2Fp^ s0 {x) + Fp^o(-x)] 
-[2F p ^ A (x) + Fp^ A (-x)] 



J 

Fp_ e (x) + Fp^ e (-x) 
-[F p ^+(x) + F p _ s +(-x)] 
2F p ^ s o(x) - Fp-+yp(-x) 
2F p ^ A (x) 



F p ^ A (-x) 



7*n - 


-> K-Q 


~[Fp- 


+e(x) +2F P _ 


>e(-x)} 


-[F p ^ (x; 


) - 2F p ^e(-x)] 


7*n - 


-> K + Y>- 


2F p . 


^ E +(x) + F p _ 


-E+(-aO 


-[2F p ^ s+ ( 


» -^s+(-^)] 


7*n - 


+ K°YP 


-[Fp- 


^o(x) - F p ^ 


Eo(-X)] 




) +F p ^o(-x) 


7*ra - 


-> K°A 




, A (x) - F P ^ A 


(-*) 


-[^-,a(x) 


+ F p ^ A (-x)} 



complete analysis of target mass corrections in exclusive processes has not been performed 
yet. 

There are arguments (221 El IS] that theoretical uncertainties from some of the cor- 
rections just discussed cancel at least partially in suitable ratios of cross sections. At 
the level of the leading order formulae (jH)) and ()12j) we see for instance that the scale 
uncertainty in a s cancels in the ratio of cross sections on a proton and a neutron target, 
and that the dependence on the meson structure comes only via the ratio J/L Other 
processes to compare with are given by ep — > eK°H + , ep — > eK + Tf > , ep — > eK + A or their 
analogs for vector kaons or a neutron target, with the production of either ground state 
or excited hyperons. Such channels may also be useful for cross checks of experimental 
resolution and energy calibration. Their amplitudes are given as in (jH)) with an appro- 
priate replacement of matrix elements Fy or Fa listed in Table We have used isospin 
invariance to replace the transition GPDs from the neutron with those from the proton. 
Isospin invariance further gives F p ^+ = \^2F p ^°- 

For transitions within the ground state baryon octet, SU(3) flavor symmetry relates 
the transition GPDs to the flavor diagonal ones for u, d and s quarks in the proton |22j . 




One may expect these relations to hold reasonably well, except for the distributions E, 
where SU(3) symmetry is strongly broken by the difference between pion and kaon mass 
in the respective pole contributions (see the following section). In the approximation of 
SU(3) symmetry, comparison of O production with the corresponding hyperon channels 
would thus compare the N — > O transition GPDs with the GPDs of the nucleon itself. 
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other 
contributions 



Figure 5: Kaon pole contribution to the n — > transition GPDs in the region — £ < x < £. 

5 Kaon pole contributions 

In analogy to the well-known pion exchange contribution to the elastic nucleon GPDs, 
the axial vector matrix elements Fa for the transition between nonstrange and strange 
baryons receive a contribution from kaon exchange in the t-channel, as shown in Fig. |S| 
It can be expressed in terms of the kaon distribution amplitude and the appropriate 
baryon-kaon coupling if t = m 2 K . This is of course outside the physical region for our 
electroproduction processes, where the contribution from the kaon pole is expected to be 
less and less dominant for increasing —t. With this caveat in mind we will now discuss 
the kaon pole contribution to the N — > GPDs, as this can be done without a particular 
dynamical model for the 0. 

We recall at this point that the minimal kinematically allowed value of —t at given £, 



tc 



2£ 2 (m| + m^) + 2e(m| 



Ni 



is not so small in typical kinematics of fixed target experiments. This is shown in Fig. El 
where we have replaced £ with xb using the relation (@J) valid in Bjorken kinematics. We 
also show the corresponding values of —to for the transition from the nucleon to a ground 
state S or A. 

We define the QNK coupling through 

£ = igeNKK d (0'j 5 p) - ig eNK K u (Q^ b n) + c.c. (19) 

if t)q — 1, and through 

£> = igeNKK d (Op) - ig eNK K u (Qn) + c.c. (20) 

if rjQ = —1. Here K d denotes the field that creates a K° and K u the one creating a 
K~ . The factor of i in ()2())1 is dictated by time reversal invariance, since we choose the 
phase of the field such that it has the same transformation under time reversal as the 
nucleon field. Then the GPDs defined in (J7J) are real valued. The above definitions can be 
rewritten in terms of the vector or axial vector current using the free Dirac equation for 
the and the nucleon fields. Using the method of [22] we obtain kaon pole contributions 

tf p g&NKfK(m e +m N ) 1 + 6 
^ polc " 2 V^ 

Hpolc = H po \ c = -Epole = (21) 
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Figure 6: Minimum kinematically allowed value of —t at given xb for the transitions 
N -> 0, N -> S, AT -> A, see © and (fTH|). 



for rye = 1 and 

c, rj _ 9eNKfK(m e + m N ) 1 + £ 

-C'pole — — -"pole — Q 7 o^l otf 

-ffpole = -Epole = (22) 

for r/e = — 1, where it is understood that x is limited to the region between — £ and £, 
and where is the same kaon distribution amplitude we have encountered earlier. At the 
level of the amplitudes (JSJ) and (fEZjl for AT production one finds 

^K»e = ie u(p')j 5 u(p) g ® NK QF R0 (Q 2 ) , 

— t 

^t^-e = -ieu(p') l5 u(p)-^-QF K -(Q 2 ) (23) 



77? 



A' 



for r/e = 1, whereas for r/e = —1 one simply has to replace w(|/)75 u(p) with u(p')u(p) in 
both relations. Here 

2 27ra s /i 4 

F K o(Q) - -— — -I K J K 

Fk-(Q 2 ) = -^f(^-^ + J i) (24) 

are the elastic kaon form factors at leading accuracy in 1/Q 2 and a s . We note that the 
relations (|23|) remain valid beyond this approximation, which in analogy to the pion form 
factor we expect to receive important corrections at moderate Q 2 , see jO] for references. 
The form factors are normalized as Fk-{0) = — 1 and Fg-o(O) = 0, and at nonzero t the 
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Figure 7: The kaon pole factor G(t) defined in (J27|) and evaluated for Tq = 10 MeV and 
i]q = 1, and the analogous factors for the transitions p — > S° and p — > A. The same 
factors appear in the kaon pole contributions to p — > 0, n — > S° and n — ► A. 



neutral kaon form factor is only nonzero thanks to flavor SU(3) breaking. The contribution 
of the squared kaon pole amplitude to the 7*p — > K°Q or — > K~Q cross section finally 
reads 



da i 



dt 



_ F 2 (Q 2 ) x\ 2 (m e - ^m N f - 1 

pole em Q 2 W^b) 9qnk «-ty ' (25) 



where Fx is the appropriate form factor for the K° or the K~ . Of course, the pole 
contribution (J23*j) also appears in the cross section via its interference with the non-pole 
parts of the amplitude, which we cannot estimate at this point. 

For kinematical reasons — > K°p and — > K + n are the only strong decays of the 0, 
so that its total width Tq translates to a good accuracy into a value of g%^Ki 



9qnk , ( m e - Vem N ) 



2 



m 



r 9 = ^fc v ° ^ 7 — (26) 

47T 7TT.Q 

where k ~ 268 MeV is the momentum of the decay nucleon in the rest frame. Tak- 
ing an indicative value of Tq = 10 MeV we obtain fi'evA'A^ 71 ") = 0.77 for t]q = 1 and 
g e7VK /(47r) = 0.015 for t/q = —1. The squared couplings corresponding to different values 
of Tq are readily obtained by simple rescaling. 

To be insensitive to the theoretical uncertainties in evaluating the kaon form factors, 
we compare in the following the kaon pole contributions to different baryon transitions. 
In Fig. [7| we show the factor 

r(t) - a 2 ( m e-Vem N ) 2 ~t 
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Figure 8: Ratio of the kaon pole cross sections (|25jl for the cases T)q — — 1 and rje = 1 at 
given T e . 

appearing in the pole contribution (|2*5Jl to the 7*n — > K~Q cross section, as well as its 
analogs for the pole contributions to 7*p — ► K + Tf and to 7*p — » K + A. Due to isospin 
invariance the corresponding factor for 7*n — ► is twice as large as for 7*p — * 

Following [21] we take g^Nx/i.^ 71 ) = 1-2 and g^Kli.^) = 14 for the couplings between the 
proton and the neutral hyperons. As an indication of their uncertainties one may compare 
these values with those given in |25], namely g\ NK j '(Air) = 1.6 and ^livx/G^O = 10-6- We 
remark that according to the estimates of |21j, the overall cross section for — > K + A is 
comparable in size to the one for — > 7r + n in kinematics where both processes receive 
substantial contributions from the kaon or pion pole. 

Note that the much smaller coupling for a negative-parity is partially compensated 
in the kaon pole contribution to the cross section by a larger kinematic factor in the 
numerator of (J25|) . The ratio of the factors G(t) for tjq = —1 and for t)q — 1 is shown 
in Fig. |HJ Given the presence of contributions not due to the kaon pole it is not clear 
whether one could use the measured size and t dependence of the cross section to infer 
on the parity of the 0. 

The factors G(t) shown in Fig. [7| also describe the neutral kaon pole contributions in 
7*p — > K°Q, 7*n — > K°TP and 7*n — > K°A. Compared with the respective charged kaon 
pole contributions in 7*n — > K~Q, — > K + TP and 7*p — > K + A, they are significantly 
suppressed by a factor (Fgo / F K ~) 2 at cross section level. This factor is about 0.03 if we 
take the leading-order expressions (|2*4^) of the form factors together with the estimates of 
|19 a for the Gegenbauer coefficients a\ and ci2 in the kaon DA, given below ([11)1 . 
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6 Conclusions 



We have investigated exclusive electroproduction of a + pentaquark on the nucleon at 
large Q 2 , large W 2 and small t. Such a process provides a rather clean environment to 
study the structure of pentaquark at parton level, in the form of well defined hadronic 
matrix elements of quark vector or axial vector currents. In parton language, these ma- 
trix elements describe how well parton configurations in the G match with appropriate 
configurations in the nucleon (see Fig. |2J). Their dependence on t gives information about 
the size of the pentaquark. Channels with production of pseudoscalar or vector kaons 
and with a proton or neutron target carry complementary information. The transition to 
the G requires sea quark degrees of freedom in the nucleon, and we hope that theoretical 
approaches including such degrees of freedom will be able to evaluate the matrix elements 
given in (jSJ. Candidates for this may for instance be the chiral quark-soliton model or 
lattice QCD, both of which have been used to calculate the corresponding matrix elements 
for elastic nucleon transitions, see j2H] and |27| . 

In order to obtain observably large cross sections one may be required to go to rather 
modest values of Q 2 , where the leading approximation in powers of 1/Q 2 and of a s on 
which we based our analysis receives considerable corrections. The associated theoretical 
uncertainties should be alleviated by comparing G production to the production of S or 
A hyperons as reference channels. In any case, even a qualitative picture of the overall 
magnitude and relative size of the different hadronic matrix elements accessible in the 
processes we propose would give information about the structure of pentaquarks well 
beyond the little we presently know about these intriguing members of the QCD spectrum. 
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